Abstract. Lipocalin 2 (LCN2) is a member of lipocalin family that binds and transports a small lipophilic ligand, sharing a highly conserved tertiary structure and can be found as a monomer, homodimer, heterodimer with matrix metalloproteinase 9 (MMP9). The high molecule LCN2/ MMP9 complex was found in several cancer types. Yet, the mechanisms of regulation between LCN2 with MMP9 in tumorigenesis is unclear. The aims of the present study were to identify the function of LCN2 associated with MMP9 in gastric cancer growth and metastasis. First, we confirmed that the expression level of LCN2 and MMP9 was upregulated by hepatocyte growth factor (HGF). To identify the association pathway of HGF-induced LCN2, the cells were treated with PI3-kinase inhibitor (LY294002), or MEK inhibitor (PD098059), or p38 inhibitor (SB203580) and then analyzed using western blotting. The HGF-mediated LCN2 protein level was decreased with LY294002. Also, the HGF-mediated MMP9 was decreased with LY294002. The role for LCN2 with HGF mediated MMP9 was determined by knockdown of LCN2. LCN2-sh RNA cells showed a decreased level of HGF-mediated MMP9. The HGF-mediated LCN2 protein level was decreased with treatment of the NFκB inhibitor. We confirmed the role of HGF-mediated LCN2. HGF-mediated cell proliferation and in vitro invasion was decreased in LCN2 knockdown cell. In conclusion, the present study showed that LCN2 upregulated MMP9 through PI3K/AKT/NFκB pathway in gastric cancer. LCN2 has a role in cell proliferation and cell invasion in gastric cancer, which may be a possible target for developing gastric cancer therapy.
Introduction
Lipocalin 2 (LCN2) is a member of lipocalin family that binds and transports a small lipophilic ligand, sharing a highly conserved tertiary structure (1) . The binding ligands of lipocalin include retinoic acid, progesterone and prostaglandin. The function of LCN2 is known to be associated with cellular iron uptake, antibacterial activity and epithelial cell differentiation (2) . Alpízar-Alpízar et al reported that LCN2 is upregulated in gastric mucosa infected with Helicobacter pylori known to be associated with gastric cancer. They proposed that the investigation of the connection of LCN2 and gastric cancer progression should be carried out (3) .
Matrix metalloproteinase 9 (MMP9) is a member of MMPs that break down the basement membranes through the degradation of type IV collagen, exposing cryptic sites within matrix and allowing cancer cell invasion. Degradation of extracellular matrix (ECM) in tissue of the tumor is a principal process of cancer invasion and metastasis (4, 5) . Particularly, MMP2 and MMP9 have been in focus recently in experimental models (6, 7) . Some in vitro and in vivo studies showed that MMP level was possibly associated with cancer invasion and metastasis acting in colon cancer. Sier et al reported that the levels of MMP2 and MMP9 were enhanced in gastric cancer tissue compared to adjacent normal tissue (6) , and the fact that polymorphism of alle of MMP promotor is significantly associated with gastric cancer invasion and metastasis, was reported (8) .
Hepatocyte growth factor (HGF), produced primarily by mesenchymal cells, was known to have a role with a different activity of inducing epithelial cell dissociation. HGF has been shown to be an important factor of acting cancer cell invasion with interaction by tumor stromal tissue. We studied HGF-induced expressing genes in gastric cancer, and found that LCN2 also is expressed in NUGC3 and MKN28 cells treated with HGF using 17K human cDNA microarrays.
LCN2 performs epithelial-to-mesenchymal transition via MMP9 dependent pathway. MMP9 is able to facilitate the extracellular matrix remodeling and bind the LCN2 with high affinity. LCN2 can be found as a monomer, homodimer, heterodimer with MMP9 and the binding of LCN2 to MMP9 promotes MMP9 activation and blocks the MMP9 autodegradation (9) . This action restructures ECM persisting the action of invading the tissue, which facilitates metastasis (10).
High molecule of LCN2 was detected in urine of breast cancer patients (11) . In vitro data proved that LCN2 is principal factor of tumorigenesis and metastasis in breast cancer (12) . The fact that in gastric cancer high level of LCN2 was detected compared to adjacent control tissue, and complexes of LCN2 and MMP9 are increased (13) . However, the mechanisms of regulation of LCN2 in MMP9 activity or stabilization is not known.
In the present study, we examined the effect LCN2 knockdown on in vitro proliferation and invasiveness, and MMP9 regulation to identify the definite role of LCN2 in cancer proliferation and invasion in gastric cancer cell line. Also, we performed experiments to confirm the pathway facilitating the regulation MMP9 by LCN2.
Materials and methods
Cell culture. We used two human gastric cell lines in our experiments: NUGC3 and MKN28, which were obtained from the Korea Cell Line Bank. These cells were maintained on plastic in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum (FBS), 1 mM sodium pyruvate, 0.1 mM nonessential amino acids, 2 mM L-glutamine, two-fold vitamin solution and 50 U/ml penicillin/streptomycin (Life Technologies, Inc., Gaithersburg, MD, USA). Unless otherwise noted, the cells were passaged and removed at 70-80% confluency.
Reagents and antibodies.
Horseradish peroxidase-conjugated anti-mouse and anti-rabbit antibodies were purchased from Bio-Rad Laboratories (Philadelphia, PA, USA). Recombinant human HGF and pyrrolidine dithiocarbamate (PDTC) were purchased from R&D Systems, Inc. (Minneapolis, MN, USA). LCN2 was purchased from Abnova (Taipei, Taiwan). MMP9 was purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA). PD098059 was purchased from BIOMOL Research Laboratories, Inc. (Butler Pike, PA, USA). SB203580 and LY294002 were purchased from Calbiochem Inc. (San Diego, CA, USA). NFκB antibodies were purchased from Cell Signaling Technology (Beverly, MA, USA).
Semi-quantitative reverse transcription-polymerase chain reaction (RT-PCR).
Complementary DNA (cDNA) was synthesized from total RNA using M-MLV Reverse Transcriptase (Promega Corp., Madison, WI, USA) by the oligo(dT) priming method in a 10 µl reaction mixture. PCR was performed in 10 µl reaction volume containing 10 mM Tris-HCl pH 8.5, 50 mM KCl, 1 µl cDNA, 200 µM dNTPs, 1 mM MgSO 4 , 1 U Platinum Pfx Taq polymerase and 2 µM primers. The reactions were the initial denaturation at 95˚C for 4 min; 27 cycles at 94˚C for 15 sec, and 60˚C for 15 sec, and 72˚C for 30 sec; and the final extension at 72˚C for 10 min. The PCR products were separated on a 1.5% agarose gel containing ethidium bromide and visualized on a UV transilluminator.
cDNA microarray analysis. The cDNA microarray, containing a set of 17,448 sequence-verified human cDNA clones, was provided by GenomicTree, Inc. (Daejeon, Korea). cDNA microarray experiments were performed as described by Yang et al (14) . Briefly, total RNA (100 µg) was reverse transcribed in the presence of Cy3-dUTP or Cy5-dUTP (25 mM stock; NEN Life Science Products, Boston, MA, USA) at 42˚C for 2 h. The labeled cDNA was then hybridized with the cDNA microarray at 65˚C for 16 h. The hybridized slides were washed, scanned with an Axon 4000B scanner, and analyzed using GenePix Pro 4.0 (both from Axon Instruments). Raw data were normalized and analyzed using GeneSpring 6.0 (Silicon Genetics). Genes were filtered according to their intensities in the control channel. When control channel values were below 80 the samples were considered as unreliable. Intensity-dependent normalization (LOWESS) was performed, where the ratio was reduced to the residual of LOWESS fit of the intensity vs. ratio curve. Average normalized ratios were calculated by dividing the averaged normalized signal channel intensity by the averaged normalized control channel intensity. The Welch ANOVA test was performed for P-values ≤0.1 of 0.05 to identify genes differentially expressed samples. Correlation analysis was performed using Pearson's correlation (-1 to 1). Spots showing changes of 2-fold or more were considered significant.
Western blot analysis. Cells were harvested and incubated with a lysis buffer [50 mM Tris-HCl (pH 8.0), 150 mM NaCl, 1 mM EDTA, 1% Triton X-100, 10% glycerol, 1 mM phenylmethylsulfonyl fluoride (PMSF), 1 mM sodium vanadate and 5 mM NaF] with protease inhibitors and centrifuged at 15,000 rpm and 4˚C for 10 min. Proteins (50 µg) were separated on 10% SDS-polyacrylamide gels and transferred to nitrocellulose membranes. The membranes were soaked with 5% non-fat dried milk in TTBS [10 mM Tris-HCl (pH 7.5), 150 mM NaCl and 0.05% Tween-20] for 30 min and then incubated overnight with a primary antibody at 4˚C. After washing 6 times with TTBS for 5 min, the membranes were incubated with a horseradish peroxidase-conjugated secondary antibody for 90 min at 4˚C. The membranes were rinsed 3 times with TTBS for 30 min and antigen-antibody complexes was detected using the enhanced chemiluminescence detection system.
Zymography for MMP9.
Culture supernatants were denatured in the absence of reducing agent and were electrophoresed in 10% polyacrylamide gel containing 0.1% (W/V) gelatin for MMP9. The gel was incubated at room temperature for 2 h in the presence of 2.5% Triton X-100 and subsequently at 37˚C overnight in a buffer containing 10 mM CaCl 2 , 0.15 M NaCl and 50 mM Tris (pH 7.5). The gel was then stained for protein with 0.25% Coomassie brilliant blue solution in methanol:acetic acid:water (4:1:5) and destained in the same solution without the dye; the enzyme activity was detected as the negatively-stained regions. Zymographic analyses were performed in at least 3 independent experiments.
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay.
Cells (1,500/well) were seeded in 96-well plates in DMEM supplemented with 5% FBS and incubated for 24 h. The cells were then serum-starved for 24 h and treated for 72 h with or without HGF (10 ng/ml). At the end of this incubation period, 50 µl of 2 mg/ml MTT solution was added and the cells were allowed to incubate for 3 h at 37˚C. The supernatant was carefully removed by aspiration, and the converted dye was dissolved with 100 µl DMSO. The plates were placed in a microplate shaker for 5 min, and the absorbance was measured at 570 nm using a Bio-Rad multiscan plate reader. 1x10 4 ) were placed in the upper chamber of a Matrigel migration chamber with 0.8-µ pores (Fisher Scientific, Houston, TX, USA) in media containing 5% FBS with or without HGF (10 ng/ml). After incubation for 48 h, the cells were fixed and stained using the HEMA 3 stain set (Curtin Matheson Scientific, Inc., Houston, TX, USA) according to the manufacturer's instructions. The stained filter membrane was cut and placed on a glass slide. The migrated cells were counted under light microscopy (10 fields at x200 magnification).
Standard two chamber invasion assay. Control and transfected cells (
LCN2 knockdown with short hairpin RNA. The human LCN2-specific short hairpin RNA (shRNA) expression vector (LCN2-shRNA, RHS3979-201778075) containing LCN2-targeted shRNA sequence (AAACCCAGGGCTGCCTTGGA AAAG) was purchased from Open Biosystems (Huntsville, AL, USA). NUGC3 and MKN28 cells were transfected with LCN2-shRNA using Lipofectamine (Life Technologies, Inc.). Clonal selection was conducted by culturing with puromycin (25 µg/ml) followed by serial dilution of the cells. Stable transfectant clones with low expression of the target genes were identified by western blot analysis.
Chromatin immunoprecipitation assay. The chromatin immunoprecipitation (ChIP) assay was carried out using the ChIP assay kit (Upstate Biotechnology, Waltham, MA, USA) following the manufacturer's directions. Briefly, cells were fixed with 1% formaldehyde at 37˚C for 10 min. Cells were washed twice with ice-cold PBS with protease inhibitors (1 mM PMSF, 1 mg/ml aprotinin and 1 mg/ml pepstatin A), scraped and pelleted by centrifugation at 4˚C. Cells were resuspended in a lysis buffer (1% SDS, 10 mM EDTA and 50 mM Tris-HCl, pH 8.1), incubated for 10 min on ice, and sonicated to shear DNA. After sonication, lysate was centrifuged for 10 min at 13,000 rpm at 4˚C. The supernatant was diluted in ChIP dilution buffer (0.01% SDS, 1% Triton X-100, 2 mM EDTA, 16.7 mM Tris-HCl, pH 8.1, 167 mM NaCl and protease inhibitors). Primary antibodies were added and incubated overnight at 48˚C with rotation. The immunocomplex was collected by protein A/G agarose beads and washed with low salt washing buffer (0.1% SDS, 1% Triton X-100, 2 mM EDTA, 200 mM Tris-HCl, pH 8.1 and 150 mM NaCl), high-salt buffer (0.1% SDS, 1% Triton X-100, 2 mM EDTA, 200 mM Tris-HCl, pH 8.1 and 500 mM NaCl), LiCl washing buffer (0.25 M LiCl, 1% NP40, 1% deoxycolate, 1 mM EDTA and 10 mM Tris-HCl, pH 8.1), and finally 1 TE buffer (10 mM Tris-HCl and 1 mM EDTA, pH 8.0). Then, the immunocomplex was eluted by the elution buffer (1% SDS, 0.1 M NaHCO 3 and 200 mM NaCl) and the crosslinks were reversed by heating at 65˚C for 4 h. After reaction, the samples were adjusted to 10 mM EDTA, 20 mM Tris-HCl, pH 6.5 and 40 mg/ml proteinase K, and incubated at 45˚C for 1 h. DNA was recovered and was subjected to PCR amplification of the LCN2 promoter region, the primers were: 5'-gacagctcttccggctcacag-3' (forward) and 5'-cgctgtggt ggctgctgggcc-3' (reverse).
Statistical analysis.
Values are expressed as means ± SD. The Student's t-test was employed for the analyses. A P-value of <0.05 was considered to indicate a statistically significant result.
Results

Upregulation of LCN2 level after treatment with HGF.
To investigate the upregulation of the LCN2 gene, western blotting and RT-PCR analysis were performed. RT-PCR showed that the expression level of LCN2 mRNA was increased by treatment with HGF (Fig. 1A) . The LCN2 protein level was increased after treatment with HGF, confirmed by western blot analysis (Fig. 1B) . 
Upregulation of LCN2 and MMP9 level after treatment with HGF.
We also tested the LCN2 protein level in HGF treatment in a dose-dependent manner confirmed by western blot analysis. The expression level of LCN2 protein was increased with increasing concentration of HGF (0, 10 and 40 ng/ ml) ( Fig. 2A) .
It is well known that MMP9 is associated with cancer invasion induced by HGF. To validate the MMP9 protein level in HGF treatment, western blotting and zymogram analysis were performed. The expression level of MMP9 protein was increased dose-dependently by HGF (0, 10 and 40 ng/ml) (Fig. 2B) .
Effects of LY294002, PD098059 and SB203580 on LCN2 expression. To identify whether or not PI3-kinase, ERK and MAPK activation was associated with HGF-induced LCN2, the cells were treated with PI3-kinase inhibitor (LY294002), or MEK inhibitor (PD098059), or p38 inhibitor (SB203580) and then analyzed by western blotting. The HGF-mediated LCN2 protein level was decreased with LY294002 (Fig. 3A) . Yet, treatment with PD098059 (Fig. 3B) and SB203580 (Fig. 3C) showed no change in LCN2 expression in either NUGC3 and MNK28 cell lines (Fig. 3) . These results suggested that HGF-mediated LCN2 is regulated by PI3-kinase, not by ERK or p38. 
B C A
Effect of LY294002 on MMP9 expression. Some studies suggested that LCN2 was observed to stabilize MMP9 associated with tumor growth and metastasis. We tested whether MMP9 is also regulated by PI3-kinase-like LCN2. The cells were treated with PI3-kinase inhibitor (LY294002) and measured by western blotting and zymography. The results showed that HGF-mediated MMP9 was decreased with LY294002 (Fig. 4) . We thusidentified that MMP9 is regulated by a PI3-kinase.
Effect of the LCN2 knockdown on HGF-mediated MMP9.
To confirm that MMP9 is regulated by LCN2, the effect of LCN2 knockdown on HGF-mediated MMP9 was measured. We showed that LCN2 level was decreased in both LCN2 knockdown cell lines to identify the appropriate function of knockdown cells (Fig. 5A) . We measured the effect of LCN2 knockdown of HGF-mediated MMP9 by western blotting. LCN2-shRNA cells showed a decreased level of HGF-mediated MMP9 (Fig. 5B) .
Effect of NFκB on LCN2 expression. First we tested whether
NFκB is mediated by HGF and regulated by a PI3-kinase. NFκB level was increased by HGF (Fig. 6A) . Also, HGF-mediated NFκB protein level was decreased with the PI3-kinase inhibitor LY294002 (Fig. 6B) . To explore the regulation of NFκB on LCN2, the cells were treated with NFκB inhibitor (PDTC) and then the level of LCN2 was evaluated by western blotting. The HGF-mediated LCN2 protein level was decreased with treatment of PDTC in both NUGC3 and MNK28 cell lines (Fig. 6C) . These results suggested that HGF-mediated LCN2 is regulated by NFκB.
Effect of LCN2 knockdown on HGF-mediated cell proliferation.
To explore the effects of the LCN2 knockdown on HGF-mediated cell proliferation in gastric cancer cells, stable LCN2-shRNA cells were prepared by transfection of shRNA into NUGC-3 and MKN-28 cells. Knockdown of the LCN2-shRNA stable cell was confirmed by RT-PCR. The control and LCN2-sh RNA cells were treated with HGF. After 72 h, we measured the cell proliferation by MTT assay. The data show that HGF-mediated cell proliferation was decreased in LCN2-sh RNA cells compared to control cells in both gastric cell lines (P<0.05) (Fig. 7) .
Effect of the LCN2 knockdown on HGF-mediated cell invasion.
To determine whether LCN2 has a role in cell invasion, Figure 4 . Effects of LY on MMP9 expression. The cells (1x10 6 /well) were plated overnight in complete medium, starved for 24 h and then treated with or without LY at various doses for 1 h prior to incubation with or without 10 ng/ml of HGF for 48 h, and harvested. The MMP9 secreted in media was analyzed by western blotting and by zymography. Representative data from 3 independent experiments are shown. HGF, hepatocyte growth factor; MMP9, matrix metalloproteinase 9. an in vitro invasion assay was performed using Matrigel migration chamber. The generated LCN2-shRNA was treated with HGF in NUGC3 and MKN28 cell lines. After 72 h, HGF-mediated cell invasion was decreased in LCN2-shRNA in both cell lines (P<0.05) (Fig. 8) .
Binding NFκB to the LCN2 promoter. To confirm that NFκB regulate transcriptional activity of LCN2 mRNA by binding to the LCN promoter, we investigated the promoter sequence of LCN2 genes to establish the putative NFκB binding sequence using computer program for sequence analysis. One putative binding site was found within LCN2 promoter. NFκB binding site of LCN2 promoter sequence was located in the proximal promoter region of the transcriptional start site (Fig. 9A) . To examine the function of NFκB binding site in the LCN2 promoter, LCN2 shRNA and control cells were treated with HGF and binding activity of NFκB to putative NFκB binding sites was measured by the ChIP assay. HGF enhanced NFκB binding activity to the LCN2 promoter with strong activity in control cells, yet not in LCN2-shRNA cells (Fig. 9B) .
Discussion
Gastric cancer is the most common malignant tumor and the second most common cause of cancer death worldwide (15, 16) . The small reduction of gastric cancer mortality showed the need for further identification of targets or pathways that facilitate the proliferation and invasion of cancer.
MMP9 has been associated with cancer invasion by degradation of matrix in various tumor types. Recent studies reported that the high molecule LCN2/MMP9 complex which protect the MMP9 proteolytic degradation, was found in several types of cancer including breast, colon and gastric cancer (12, 13, 17) . This complex could perform remodeling of the ECM by degradation of an anchor protein of cell-to-cell adhesion (4, 18) . Yet, there is little information concerning exact correlation between LCN2 and MMP9 and function of LCN2 in tumorigenesis. Li et al suggested that LCN2 expression is upregulated by ErbB2 in the NFκB dependent pathway in breast cancer cells. They studied the association between ErbB2 and LCN2, not the association between LCN2 and MMP9 (19) .
LCN2 is expressed in various epithelial and endothelial cells, fibroblasts and hepatocytes (20, 21) . The level of LCN2 is enhanced in various types of cancer including stomach cancer (13) , cholangiocarcinoma (10), breast (22) , colon (17) and pancreatic cancer (23) . It has been suggested that stimuli in the tumor microenvironment including hypoxia and inflammation induce LCN2 (24) (25) (26) (27) . Furthermore, LCN2 is associated with tumorigenesis and metastasis by enhancing gelatinase activity with LCN2 expression, which facilitates tumor growth by enhancing cell invasion of surrounding tissues in breast cancer (28) .
It was shown that the complex of LCN2/MMP9 was enhanced in human gastric tumors and suggested that enhancing LCN2 level stimulates the formation of the complex with MMP9, which results in the maintenance of powerful proteinase action by protection of MMP9 autodegradation, and that high level of LCN2/MMP9 appears obviously correlated with overall survival of gastric cancer patients (13) . On the contrary, the in vitro experiments suggested a protective role against cancer by showing that LCN2 induces the expression of E-cadherin, to diminish the invasiveness and metastasis in cancer cells (29) . Another study reported that overexpression of LCN2 decreased cell invasion of colon and pancreatic cancer cells, suggesting the role of LCN2 as a suppressor of cancer metastasis (30) .
We investigated whether HGF is associated with LCN2 and MMP9 in gastric cancer and identified the role of LCN2 upregulated by HGF associated with MMP9 in gastric cancer invasion and metastasis at molecular level. To identify whether LCN2 is associated with regulation of cell proliferation and invasion of metastatic characteristics, we knocked down the expression of LCN2 in NUGC3 and NKN28 cells using shRNA and evaluate in vitro cell proliferation, invasiveness and MMP9 activity. The present study showed that HGF upregulates LCN2 and MMP9, and MMP9 activity is upregulated by LCN2. Also, we identified that LCN2 is associated with cell proliferation and invasion by MTT and in vitro invasion assays in gastric cancer cell lines. Our data support the promotion of cancer metastasis by showing the suppression of in vitro invasiveness and proliferation of gastric cancer cell lines. These results are similar to the report of Nuntagowat et al, where LCN2 knockdown in cholangiocarcinoma is association with invasion and MMP activity. Yet, they reported the lack of effect in cell proliferation by LCN2 knockdown (10) .
Furthermore, we found out the regulator pathway of LCN2 by identifying putative NFκB binding site in LCN2 promoter and confirmed that LCN2 in gastric cancer cells is upregulated directly by rhe NFκB pathway. MMP9 was inhibited with the PI3-kinase inhibitor LY294002 treatment, HGF-mediated MMP9 is also regulated by PI3-kinase. Moreover, the present study suggested that both LCN2 and MMP9 are regulated by the NFκB pathway. Pathway experiments on the regulation of LCN2 and MMP9 are rare. Only one study reported that LCN2 is upregulated by ErbB2 through NFκB activation (19) . The present study provide evidence concerning the regulator pathway in invasion and proliferation of gastric cancer cell lines by LCN2 and MMP9.
Based on these results, we confirmed the definite relationship between LCN2 and MM9 and the function of cell proliferation and invasion of LCN2 in gastric cancer cell lines. Therefore, LCN2 appear to have a possible role in tumorigenesis and tumor invasion associated with MMP9 through NFκB pathway in gastric cancer. Our findings support a previous study which suggested that LCN2 level stimulates the formation of the complex with MMP9 with human gastric tumor tissue (13) .
Nuntagowat et al showed that silencing of LCN2 expression induced a significant suppression of in vitro invasion which paralleled a reduction of the LCN2/MMP9 complex (10). Zhang et al reported that the activity of LCN2/ MMP9 complex correlated with the depth of esophageal cancer using gelatin zymography (31) . The present study does not provide evidence whether LCN2 directly regulates MMP9 and which mechanism acts in making the complex LCN2/MMP9 and we do not have evidence whether the complex LCN2/MMP9 also acts in cancer invasion and proliferation in gastric cancer. We only confirmed that LCN2 regulates MMP9, that expression of LCN2 increased in vitro invasiveness and proliferation of gastric cancer cell lines and that LCN2 and MMP9 is separately regulated by NFκB, which means that NFκB pathway does not have direct connection between LCN2 and MMP9.
To clarify our findings, further experiments are warranted using in vivo a knockout mouse model with both LCN2 and MMP9 and it is necessary to study the relation of the levels LCN2/MMP9 complex in samples of gastric cancer patients and clinical parameters and survival of the patients. It would be useful to examine the role of the LCN2/MMP9 complex.
In conclusion, the present study demonstrated that the MMP9 activity was upregulated by LCN2, and both LCN2 and MMP9 are controlled by the NFκB pathway which results in progression and invasion of two gastric cancer cell lines. This pathway may serve as possible therapeutic target option and provide information for further identification of other targets in gastric cancer.
